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Summary
The dose and temporal effects of oestrogen and progesterone treatment on the induction of receptivity in female Mongolian gerbils were investigated. One group of animals was primed with 10~lg oestradiol benzoate (08) 48 and 24 h prior to testing and received 500~tgprogesterone (Pr) 0,1,2,3,6,9, 12, ]5, 18,21 or 24 h prior to testing. These subjects were found to exhibit high levels of receptivity from hour 2 to hour 18. This is similar to the reported duration of heat during natural oestrus. A second group of animals were primed with 10~lg 08 and were then given either 0, 10, SO, 100, 250 or 500 Ilg Pr 3 h prior to testing. Results indicated that the administration of 100 Ilg Pr could elicit high levels of receptivity. A final group of animals were given either 0,5,1'0,5,0 or 10·0 Ilg 08 48 and 24 h before testing and then 100~lgPr 3 h prior to testing. It was found that only the 10 Ilg dose of 08 elicited high levels of receptivity in these animals.
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Therc is a rapidly increasing amount of literature on the behaviour (Thiessen & Yahr, 1977) and reproductive physiology (Norris & Adams, 1982; Cheal, 1983) of the Mongolian gerbil (Meriones u/lguiculalUs). In other laboratory rodents such as the rat, hamster, mouse and guineapig, research on hormones and mating behaviour has developed in parallel with knowledge of reproductive physiology (Young, 1961) . However, information on the hormonal regulation of mating behaviour in the gerbil, othcr than that inferred from fertility data, remains relatively scarce.' Even less research has been done on the neural actions of gonadal hormones in this species, although it appears that oestradiol acts at the same brain sites in the gerbil (Gray & Wade, 1979) Zucker, 1968; Agren & Meyerson, 1977; McDermott & Carter, 1980; McDermott, Fischer & Carter, 1980; Holman, Hutchison & Snelson. 1982) . However, it is not known whether the existing regimens approximate physiological or much higher doses. Nor is it known whether the existing regimens induce maximal receptivity in terms of intensity or duration.
For example, while information exists about the duration of heat during natural oestrus (Barfield & Beeman, 1968) , similar data are lacking for hormone-induced oestrus in the ovariectomized gerbil.
The present series of experiments was designed to extend knowledge of the hormonal induction of receptivity in the gerbil by the systematic investigation of the dose and temporal parameters of ovarian hormone administration.
The data obtained should permit comparison with other rodent species and prove methodologically valuable for future investigations of sexual behaviour in the gerbil.
Materials and methods
All experimental animals were purchased from Tumblebrook Farms (West Brookfield, MA, USA) at 90 days of age: they were housed in pairs and kept on a reversed 12 h-12 h light-dark cycle with food and water available ad libilUl1l. All animals were bilaterally ovariectomized approximately 1 week after their arrival in our colony and allowed a post-surgical recovery period of at least 1week prior to the onset of testing. All animals primed with oestradiol benzoate (OB) received 10 fig OB 48 and 24 h before testing unless otherwise noted. When tests of sexual receptivity occurred more than I week after the last exposure to OB, a priming dose of 10 fig OB was administered I week prior to testing.
Both OB and progesterone (Pr) were dissolved in peanut oil and all injections were given subcutaneously in a volume of 0·01 ml. Plexiglas chambers containing about 3 cm of San-i-cel bedding material and measuring 30 cm x 30 cm x 45·5 cm (height) were used for sexual testing. All tests occurred between 2 and 6 h after the onset of the dark portion of the light-dark cycle. Tests of sexual receptivity continued until 10 mounts with pelvic thrusting by a sexually vigorous male had occurred. The elevation of the hindquarters, dorsoflexion of the tail and exposure of the perineal region were recorded as a lordosis response. The occurrences of lordosis responses were used to calculate a lordosis quotient LQ, defined as the number of lordosis responses divided by the number of mounts with pelvic thrusting and multiplied by 100%. For the purposes of the present work, the term 'maximal receptivity' will be used to refer to LQs of 90-100 while 'high levels' indicate LQs of 70-89, 'moderate receptivity' refers to LQs between 40 and 69 and 'low receptivity'
to LQs below 40.
Duration of receptivity
Thirty-six animals were primed with OB and randomly assigned to one of four groups (nine animals per group) with testing occurring 3, 6, 9 or 12 h after the administration of 500 I-lg Pr. Because receptivity scores did not differ among these four groups, additional groups were tested 0, 1,2 and 3 h (nine per group), 12, 15 and 18 h (eight per group) and 18, 21 and 24 h (13 per group) after Pr administration.
As repeated tests at relatively short intervals have been shown to influence lordosis (Hardy & DeBold, 1972; Carter et al., 1976; McDermott, Fischer & Carter, 1980) , animals were tested at only one time interval. Moreover, the interval between OB treatment and testing was kept constant in order that the duration of Pr action was not confounded by the duration of oestrogen action.
Effect of progesterone dose on receptivity
Sixty OB-primed animals were randomly assigned to one of six groups (10 per group) receiving 0, 10,50, 100,250 or 500 I-lgPr 3 h prior to testing. This time interval was chosen because previous results indicated that all animals receiving 500 I-lgPr would be maximally receptive at this time.
Effect of oestrogen dose on receptivity
Twenty-eight animals were randomly assigned to one of four groups (seven per group) and then received either 0·5,1·0,5·0 or 10·0 I-lgOB 48 and 24 h before testing. A dose of 100 I-lg Pr was administered 3 h prior to testing as the results of the Pr dose experiment indicated that this dose of Pr was the lowest that would elicit maximal receptivity in animals receiving 10 I-lg OB.
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Results
Duration of receptivity
The results indicated that maximal levels of receptivity occurred 2 h after the administration of Pr and remained high for another 16 h (Fig. 1) . After it had been determined that the pairs of overlapping data points at 3, 12 and 18 h were not significantly different, data for each of these points were combined, giving a total of 11 groups (i.e. 0,1, 2, 3, 6, 9, 12, 15, 18, 21 and 24 h) . An analysis of variance performed on the data revealed a significant effect of time between Pr administration and testing (F(1O,128) = 24,43, P < 0·0001). A subsequent Newman-Keul's comparison indicated that the mean LQs at 0, 21 and 24 h after Pr administration were significantly lower than the mean LQs for all other test times (P < 0·05). Furthermore, although the mean LQ at 1 h was significantly greater than the mean LQs at 0, 21 and 24 h (P < 0·05), it was significantly less than the mean LQs at 2,3,6,9
and 12 h (P < 0·05) and did not differ from the mean LQs at 15 and 18 h.
These results indicate that, for the doses of OB and Pr used in the present experiment, the onset of receptivity begins about 1 h after Pr administration, reaches a maximum 2 h after Pr administration and remains high for an additional 16 h. Between 18 and 21 h after the administration of Pr, receptivity sharply declines and, by 24 h after Pr administration, receptivity is again minimal. Thus, if 10 I-lgOB is administered 48 and 24 h prior to testing, the administration of 500 I-lgPr will provide a large time interval in which animals can be tested and maximal receptivity obtained.
Effect of progesterone dose on receptivity
The results suggested that 10 I-lgPr elicited minimal sexual responding (mean LQ = 19), that 50 I-lg Pr elicited moderate responding (mean LQ = 60) and that 100 I-lg or more of Pr elicited high levels of sexual receptivity (mean LQ > 80, Fig. 2 ). An analysis of variance performed on the data confirmed a significant effect of dose (F(5,54) = 22,12, P < 0·0001). A Newman-Keul's comparison indicated that receptivity in animals treated with 10 I-lg Pr did not differ from that observed in the oil control group (P < 0·05). Although 50 I-lg Pr significantly increased receptivity relative to the control group (P < 0·05), doses of 100 I-lg and greater elicited significantly higher scores than 50 I-lgPr (P < 0·05). 
Effect of oestrogen dose on receptivity
Discussion
The results of the first experiment indicated that levels of sexual receptivity remained high for at least 18 h following Pr administration (Fig. 1) . Barfield and Beeman (1968) have reported data relevant to the duration of heat during natural oestrus in the Mongolian gerbil. Although their observations were too infrequent to permit calculation of an exact duration, they noted that the period of heat probably lasted less than 24 h. Commenting on individual periods of heat, they reported that only one was greater than 23 h and only one case was less than 16 h. Thus, the duration of receptivity obtained in hormone-primed ovariectomized gerbils in the first experiment compares favourably with the period of natural heat. (1960) found that maximal receptivity in OB-primed female rats occurred about 3-4 h after Pr administration.
Fadem, Barfield and Whalen (1979) have determined that rats administered 8 lAg OB 48 h prior to testing remain highly receptive 13 h after the administration of 200 lAgPr. These findings are similar to those obtained in the present investigation of the gerbil. Moreover, the present dose-response results indicate that, as in other rodents studied to date (Ciaccio & Lisk, 1971; Hardy & DeBold, 1971; Quadagno, McCullough & Langan, 1972; Carter & Porges, 1974; Whalen, 1974; Fadem, Barfield & Whalen, 1979; Steel, 1981) , increasing the doses of OB or Pr increases receptivity.
The present results imply that a dose of 50 f.lg Pr elicits moderate levels of receptivity in OB-primed animals. This is somewhat misleading, however, as the effect of Pr on receptivity appears to be an all-or-none phenomenon in the gerbil. For example, while six animals given 50 !-tg Pr exhibited maximal receptivity, the other four exhibited no receptivity. No animals receiving the 50 f.lg Pr dose actually exhibited an LQ within the moderately receptive range. This bimodal distribution suggests that the threshold dose of Pr required to elicit receptivity in OB-primed gerbils is between 50 and 100 Ilg for about one-half of the animals tested and less than 50 flg for the remaining half. Thus, it may be more appropriate to conclude that increasing the dose of Pr increases the number of animals displaying a high degree of receptivity.
A bimodal distribution was also observed when the duration of receptivity was examined. In that study, the mean LQs at I h and at 18-21 h reflect the percentage of receptive animals more than they reflect the actual modal LQs of the animals within the group. A bimodal distribution was not observed when the dose of Pr was held constant and the dose of OB was varied (Fig. 3) . A more even distribution of LQs was observed, as suggested by the smaller standard errors compared with those indicated in Figs 1 and 2 The observation that the synergistic action of Pr with oestrogen is all or none while the effect of OB on receptivity is graded is not unique to the gerbil. Similar results have been reported for the rat (Hardy & DeBold, 1971; Whalen, 1974) and hamster (Carter & Porges, 1974) , suggesting similar mechanisms of action for ovarian hormones in the gerbil. However, the results of the present experiments, plus additional results obtained in our laboratory (Raible & Gorzalka, 1985) , suggest that although the influence of ovarian steroids on receptivity in the gerbil is similar to that observed in the rat (Davidson et at., 1968; Gorzalka & Raible, 1981) the gerbil is less sensitive to oestrogen than the rat. Thus it seems likely that the gerbil is more dependent than the rat on the facilitatory effects of Pr for the elicitation of high levels of receptivity. Whereas 4 f.lg OB plus 100 f.lg Pr can induce high levels of receptivity in the rat (Whalen, 1974) , the results of the OB dose manipulations indicate that, when using a dose of 100 f.lg Pr in the gerbil. a dose of OB greater than 4 !-tgmust be used to elicit high levels of receptivity. In addition, it has been found that, in rats, the chronic administration of 0·8 f.lg OB will elicit high levels of receptivity (Davidson et at., 1968; Gorzalka & Raible, 1981) while, in gerbils, the chronic administration of as much as 10 f.lg OB fails to elicit high levels of receptivity (Raible & Gorzalka, 1985) . This is consistent with the notion that the female gerbil is less sensitive to the effects of oestrogen and probably more dependent on the synergistic action of Pr with oestrogen for the induction of maximal receptivity.
